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Dry powder inhalers are used for the treatment of pulmonary diseases. They are based on a mix of an active pharmaceutical ingredient (API) and excipient (drug carrier)
that is inhaled by patients. The excipient transports the API particles to the respiratory tracts. To maximize the deposition of the API, the morphology, size, crystallinity and










Influence of outlet temperature and injection nozzle
Tin = 140°C / Tout = 87°C
Influence of PVP addition in mannitol suspension
Characterization
Fig. 1 Operating principle of a dry powder inhaler : formulation and separation in the pulmonary tract
Fig. 2: Scanning Electron Micrographs of 3 mannitol powders obtained with the spray-drying process
The spray-drying method consists in producing a dry powder from a solution or a suspension. The fluid is pulverized into fine droplets in the drying chamber. The hot air
allows solvent evaporation and the dried particles are formed. Due to the high number of parameters that can be tuned, spray-drying is an interesting technique to produce




























Tin = 180°C / Tout = 109°C Tin = 135°C / Tout = 83°C
α (%) β (%) d(0.5) (µm)
2 % 98 % 4.827 ± 0.029
33 % 67 % 8.469 ± 0.086
0 % 100 % 9.145 ± 0.523
20 μm 20 μm
Spherical particles → Outlet Temperature <85°C
No polymorphism – Pure β-polymorph→ slow drying → Outlet Temperature <85°C
Tab. 1: Results of average particle diameter and
percentages of α- and β- polymorphs obtained for 3
mannitol powders
% PVP α (%) β (%)
0 % 4 % 96 %
1 % 73 % 27 %
2 % 94 % 6 %
5 % 97 % 3 %
10 % 100 % 0 %
Tab. 3: Percentage of α-polymorph and β-
polymorph found in 5 mannitol powders
produced by the spray-drying process with
different concentration of PVP10 (%w/w)
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Suspension 5% wt Suspension 10% wt Suspension 5% wt Suspension 10% wt
Samples % PVP Onset of Tm (°C) ΔHf (J/g) α (%) β (%) d(0.5) (µm)
Suspension 5% wt 0 % 170.55°C 279.55 J/g 41 % 59 % 1.716 ± 0.036
Suspension 5% wt 5 % 168.94°C 247.94 J/g 44 % 56 % 4.256 ± 0.106
Suspension 10% wt 0 % 170.55°C 279.55 J/g 41 % 59 % 1.668 ± 0.142
Suspension 10% wt 5 % 168.38°C 242.50 J/g 41 % 59 % 4.934 ± 0.378
20 μm 20 μm
Fig. 3: Scanning Electron Micrographs of 2 mannitol powders obtained using a bi-
fluid nozzle, Tin=120°C, P=1bar, without the addition of PVP40
Fig. 4: Scanning Electron Micrographs of 2 mannitol powders obtained using a
fountain nozzle, Tin =120°C, P=0,5 bar, with a concentration of 5% of PVP40
(%w/w)
Tab. 2: Results of average particle diameter, percentages of α- and β- polymorphs, onset of melting temperature and enthalpy of fusion for 4 spray-dried mannitol suspensions
30 μm 30 μm
20 μm
Loss of sphericity for mannitol particles → % PVP > 1%
Pure α-polymorph → % PVP > 5%




Fig. 5 Comparison of x-ray diffractograms of 5 mannitol powders
produced by the spray-drying process using a bi-fluid nozzle,
Tin=140°C, P=1bar, with different concentrations of PVP10 (%w/w)
PVP type Molar mass (g/mol) % PVP α (%) β (%)
PVP10 10 000 g/mol 1 % 73 % 27 %
PVP40 40 000 g/mol 1 % 81 % 19 %
Tab. 4: Percentage of α-polymorph and β-polymorph found in 2 mannitol powders produced by the
spray-drying process with different PVP10 μm 20 μm
Fig. 7: Scanning Electron Micrographs of 2 mannitol powders using a
concentration of (a) 1% of PVP10 (%w/w) (b) 1% of PVP40 (%w/w)
PVP10 PVP40
Influence of PVP molar mass
Fig. 6: Scanning Electron Micrographs
of 3 mannitol powders (a) with no
PVP (b) with 2% of PVP (c) with
10% of PVP
The use of the spray-drying process made it possible to produce mannitol particles with controllable size, morphology and polymorphism. By using PVP in mannitol solution, we
can obtain the pure α-polymorph of mannitol. However, mannitol particles are no longer spherical. Polymorphism depends also on the outlet temperature and the type of
injection nozzle employed. By modulating the atomization parameters to have an outlet temperature of 85°C, we can obtain the pure β-polymorph of mannitol.
